SPECIFICATION 



TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN that we, TAKAHIRO YAMAGUCHI a subject of 
Japan and residing at Nerima-ku ? Tokyo, Japan, MASAHTRO ISHIDA a 
subject of Japan and residing at Nerima-ku, Tokyo, Japan and MANI SOMA 
a subject of U.S.A. residing at Seattle, WA U.S.A. have invented certain new 
and useful improvements in 

n APPARATUS FOR AND METHOD OF MEASURING CLOCK SKEW" 

and we do hereby declare that the following is a full, clear and exact 
description of the same; reference being had to the accompanying drawings 
and the numerals of reference marked thereon, which form a part of this 
specification. 



^ny^-^^ra-tt, 9 -{ y 9 -Afr - 7i~94 +f (Time Inte-rvai 
Analyzer) ^Ji^fC* > ? (Frequency counter) % t fcV^TttjH'fl&ESiJSSft 

fCLK, ikV*J%9 1 2 j , 1 2kE£E(fc»Lfc»4\ l/S>X*12j. 1 
2 k EfcttattJHSg? n y 7CLK,-, CLK k <b*Mti* 9 4 A >f > * - A 
/u . 7t5^f 1 Z\z.X1lLX94 J*. 4 >9~AP • 7t7>fifl 3 B\ $t$J£ 

iS&Sf (fluctuation) £ t: * I* A^ff (histogram analysis) Ci^ay 
? • X^a.-%$j;£-f 3 0 ?-fA-f y^-/N*;U • 7*9 4 «f 1 3 &/BV^*n y 

• a**— iSJgfliJCoV^TB:, fciiittf, Wavecrest Corp., Jitter Analysis 
Clock Solutions. 1998. K: IB* 5 S. 

L.*»U Z.<D9<{ A4 1/9— A ■ 7 1- =7 A 9 v y ? ■ z**-ffl 

jess* i scD-fe* o^n^^H<©sii5e©», jfc©i»5£*fc3fc*«^7*y kuwh 

(dead- time) tf%>2>tz$>, h A$#rM^ftr-?&£^#T 

I^?t^V\ Miffifafuy? (Local clock) t fv-Afrttf u y 

* (global clock) O^&MGDfcftEttgf LV>* a y ? < 2* a-SU^SiS* 
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tga^a^M^i -SiSMRtf* ©#&%«#?- 



19/S 'd 



-1- 



£fc, ±3E*ny * • ^a-aS8ltt, JniE^ny* • **^-£?0£A 

±£fc*a»»3^&©ffi;&fc#ftH i ber tfitAMf®Hi l ber 
tV> 0 
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ftl&sn^n^ • a -#?0 (RMSI) 
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£fc, _k!B*ny* • ^*a-jW5£««K:$3V>T, ±IB*4 ***ifc 
iffi^n^ • **a-8H£:ff8?K:*V^ ±«E*-f 
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35»*Oi«*ft0di;&fc-t*H i 1 b e r tS#fctA*®^©H i lbertll 
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© 5 3 £ C J: 0 > * a y 9 • * * a - 0?t5£fi9Jifc#*:fc«>5 * 9 s y :A 

^SbSX^y^tt, ±E*ny^ • Z**-%m(D-m¥-&m*t> RMS 
5 &, JiE^d?^ • a fcfc^T, ±E*«3y * 

4 9 n/Dt y -9-^.- y h CfcttS? n y t^-&%> t»VN?. 0 

y g . ^ ol — jjj^fe 

*$0C ^ n y ^ ■7^a-i:o^t^ifS c ^nyi?-^^^. - (clock skew) 
«U i2t:^fj:ai:, fcatl^y^i^^ h"7-^ (clock distribution 
network) C^oy^f^ (clock source) 1 l©S*^ny?flrtCLK,ft 
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(1) 



H3C«*«JBT0a*^n y ^flr^CLK,i:, ^o^Hf CLK^CL 

L Kj , CLK^^lO^^irJ (nT), r,' (nT) (n = 0. 1. 
2. -•.) fc, dtl6r^ (nT) trj (nT) 

*-T tt „ Jl * (nT) ii^^n^n^-To 

r^ltWnte/ (nT). t cd J (nT), t J (nT) U *fc, * 
^D^ffCLK,, CLKi, CLK^l^o^' 1 '^** (^y? 
&fcfcfc\^i:S©*n* i7 • xy VmM) ^tl^fl (nT) 5 . (nT) (n 
T) uiitSi:, ^ny^f^CLKj, C LK k #*n^n US? * * 1 2 j . 1 
2kC£iJ^f SSHWr^ (nT) fcitfr* 1 (nT) », -en****"** 

ti d (nT) = ti i (nT)-tf d <iiT) 

= [ti d (nT)-(nT) j ]-b(nT)-(nT) g j+{(nT) j -(nT) 8 } 



- T 8,j + 
_ T Skew T 



A<t. j [n] ^ -M'W 



2rc 



[sec] 



(2) 



^ d (nT) = t>T)- t S d (nT) 

= jtJaCnT) - (nT) k ]- [t J,(nT) - (nT) g ]+{(nT) k - (nT) g } 

A«j) k [n]^-A^[n]| 



- T g ' k + 



V 2 */J 



[sec] 



(3) 



[sec] 



(4) 
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£0 : £1 B 6 L ys 31003 



[sec] 



(5) 



^^ 0 ^. (deterministic) «S^ D ^" * 

E*f£T«. ^ (T,/2jt) (=tJ (nT) - (n 

T) En] 0 (=W (nT) - (nT) } ), A0 k Cn] 

(T k /2ff) (=t cd k (nT) - (nT),) WWo^ttCLK,, 
CLKj. CLK»©H5V^-^^*5« **LT^*o * (2) 

***** (3) (1) MSAT**:, ?D^«CLK,fi±tfCLK 4 lll 



A(() k [n] 



2ti J 



-A<S> 8 [n] 



r g.J 

^Skew 



_ T Skew T 



27C 




[sec] (6) 



/* T. V 



v 2«, 



£ (6) 0^2® 
'T, 



/J 



V>C*LV> (T j =T k ) tLT^Z, %tz 
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5S!£lft ^n^-^a-tr Slteit j - k »i, fc £ X " o <2»J5t * n^«^ 
^ft&jS (8), (9) -C*t)1"o 



Xj(t) = Aj cos(<|) j (t)) = A, cos 



^t + ^-Af(t) 



(8) 



x k (t) = A k cos(<|> k (t)) = A k cos 



xj (t) *5J:ifx k (t) 0p^fe1f<ii j (t). k (t) ti, 
MMT L (L=j, k) *£tr y-7»#ffi*ltf# 2 jt t/T t fc, Slliffiti 
0 L (L=j, k) pB#M£Tt$#A <£ L (t) (L=j. k) £©ft-Cig£ 

f(t)= — t + (j.i-A<j. J (t) [rad] (10) 

<j> k (t) = ^t + <f > S-A(| > k (t) [rad] (11) 

0) (1 1) t?A<$ (t) =0i:t5t, ??nift4l^o^Hc 
LKj. CLK k ©U-7IB^fiffl 

♦Lrtt> = fW. [rad] (12) 
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♦L,(t)-^t + *H [rad] (13) 

Silt (nT) j. (nT) k tt, £3© D -T^feW^n^ft (2n7r-7r/ 
2) i:«:*l^?Jlt*0, 5$ (1 2) &£Xf& (1 3) fr5»&T<Z>Wft##5ft*o 

(m0j-[2i«-|-^ji [sec] (14) 



(nT) k =|2n7r-^-^ )Tk 



271 



[sec] 



(15) 



LfctfoT, * (7) K£ (1 4), (1 5) 4ftAU, 

tLr-Cn^-dl'Dj 



2ti 



- 2nHx H 



AT 



i 

1% 



[sec] (16) 



f T > 
j 


-*o k 




W 




^271; 



(T J =T k )„ Zlo©ftSI5£^nv ^§^H0i5efi5^o y ? • 

B#$J) CfcV^Lft/JMl^feCi^tSSia^ (Linear line fitting) £froT, & 
5£, 



N 



(17) 



£(<Kk)-(cb 0 k+£o)) 2 

k=l 

ftHl&ffifctt* 2fe* (18) £J:9-£*.5>na. 
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2N(2N+l)f;<Kk)-6|><Kk) 

k-1 



(18) 



N(N-1) 

MBM&C <fc 5^9 ^ - 9 ©J65£ Klo^Tfc, J.S.Bendat and 

A. G. Piersol, Random Data: Analysis and Measurement Procedure, 2nd ed. , John 
Wiley & Sons, Inc., p. 362, 1986. fcKHSntV^o 



(cosine wave fitting)**;: fco T,#t5£ 



2J x(k)-Acos 



yk + <|> 0 



(19) 



£ -5 &* 0 ^ ft±Jt^ (maximum likelihood estimation) 
(2 0) ktt -5 , 



<j>0 = -arctan 



f N 2% 
£x(k)sin— k 

k=l 1 



2tc, 



N 



Ix(k) 



cos- 



(20) 



ft**f«E J: ^Ojfeeco^-cs, S.M.Kay, Fundamentals 

of Statistical Signal Processing:Estimation Theory, Prentice-Hal 3 Inc. , pp. 
167-172, 1993. tlBBfltSnxv^o 

H*Mn o , fMt T 0 ©We« (2 1) C«fcD-S^te>ttS 0 



^L=(<H-^)^+n ofeet T 0 



[sec] 



(21) 
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^o^IWWf ^^^"^ 

tt, «i«H5Ai:BCw-r«t-5C*S:v^n*0«A*» , r. tfc^oT, _ 
y Mn BffSEt S, ^5^-****aiA*' Cn] i: A Cn] 

Cn3 £ A 0* Cn] **n*nt>fc*, :n^^«^,^ 

HX] (t), x k (t) «o«S»^**-«T ai , J - k *t»t^ 

*yJ.*Jv9L4>> Cn] i:A0 l En] ©HSfHTt* ' k £ J 9* n • 

tl^n^i^Xi (t), x k (t) H© 

Cn] %H7C*1\ fiSCBCt^^ • X * * -^JW En] 
T^-^£te[n]-ffiy [sec] (22) 



Sken, PP 
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T Ske j' k [n] omxmtm^m^mx^Ki . ^}c«kD**^n*, 

T^=nm.CT^M)-inin.Cr£.M) M (23) 

^fA^D'^ffi*CLK c ^PLL (Phase Locked Loop) @18&«fc 

mCLK,^n*;mCLK, £ C L K k t LT* >y h , U 
1 2 j , 12 kK#ESft£. H 1 0 a ttyXfA • £flM*CLK 6 
B 1 0 b»CLK 6 JifSMfgl^ftftafgl/feSS^ny^m^Sr^L, Ml 

ocM$t«^n> ^nfc^nymcLK, *-tn-?n*fo -> 

7fA-^ny^ffCLK 6 ©A0 [1] [rad] ^©l y i?<DMM? a 
>y^7 • xyS^e>0*'1'^>^lfr£S1"o fctl 1 0 aCSbfcyXfA^ 
nymCLK t fcffi&ScMl&LfcH 1 0 bl:^Dyi?}J0 1 0 b\Zffi? 
&5\Z. B^^etty Xf A ^ n y ^ li^ C L K t £M$$C 2 ^ t 

ttQ^7.f-&?Uy?®iL*>±. i 0Xyz?(Di/y? A® [1] 
nb!-bT^n«J;<, Jll«£MfgL£:*§£«A© [1] £M- HH^ tf--1\ 
AG [{n/M}] tA$> 1 [n] « 1 2t 1 *fjS£ft3„ idT, {x} 

K^mx^m^m^n^o ^ (6) £*>-£v>t, ^ny^cLK, t 

CLK G P P l0^n^y^7 • X*a- &Jk&Z>k3: (2 4) £*.£o 





f T- ^ 










A<j> J [n] 


W 


-A© 


[fell 


1 271 J 





i^D^mCLK, iC L K G M©flt^W^Dy^ • X^a-Ira,, 11 

^ny^f^CLKj ©SJB^ny £ • Xy5? (nMT) j tvXfA ♦ £ny£ 
{r^CLK G tf)M^ny £ -Ir^ (nMT) c tOIB©NpMHT*6.t)Sn, 
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01 ; Li *IOOZ 



^klw=( lMr )j- (l,MT)G 



[sec] 



(25) 



ny^CLKj (DmXMMT-, 0M#fc*l^ (T s =MT j )„ 
7**-"*** (2 6) ££9***0 



A«(> j [n] - 1 -A* g [n] 

271 



[sec] (26) 



^n^itCLK, fcCLK,®***-*** (27) C*9*«>*. 



A ^ [n] g)-A^[n{^ 



[sec] (27) 



fc&C, £ (2 6), (2 7) tUftfc^^ • ^^r^-^JW' J i:T 
(28) CJ:D#K>3o 
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l Skew 



Skew 1 



ST Skew 



A«|) J [n] 



2lt 







fT > 








> 




[271 J 





v 2rc, 



_( T S,k g,j ) 
"VSkew T Skew/ 



A<f> j [n] 



fT 



fx, 



[sec] (28) 

>*Hh]»* „C 2 ( = N (N-l) /2) *»5> (N-l) 0©2f- 

S?y^©*rV^oy^flr-ttt, S*^SfC (fundamental frequency) f 0 %t> 
o^jft (square wave) T&£ 0 iCDMli, Four i e r frftfc J: o TWifc 
«cf o , 3 f , , 5 f o .-)&»e>fcS!SSfllifc (harmonics) ii^I't^o i^^fiS 

^y^fcfc-^n y ?#-t($ci!J^ o y *fc*)©«:*:iM ^(fundamental 
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sinusoidal wave) M$B*A, *#JB*8*T„ tt Z> tfrvt 



x(t) = Acos(ij) (t)) = Acos 



(in 1 
—t + <j> 0 -A<Kt) 
V. A o J 



(29) 



oii-eta) a, a * (t) 0*tn?ssn$« 

-tf o^jSIWli-JgflJKT, fcfrRfcoTV**. ifnT^Atf (t) W\ % 

fcttSAtf (nT„) tt-tfn^o^j^©B*H«»=S:*U, i'-f - 
J*»n*. L/Jot, «^n^ifCD^fi||^ (t) M£U Hfn 

7&C*fj£-r*) 2it/T { + ^i:0i, fft;bt>> ii&tfidSIt^ A (t) £ 

II^d^I^x (t) fctt*»©*WHt*z (t) fcSE&U ^0$#Tft 
#z (t) i^»^a^Ifx (t) ®Rltfi«<i (t) *%L%th* ft 

feztifzmmtiLffi m&f- 9 c & v ^ t t/hztac j: § Ma ^w^^x, 

tiife, BB#feffl<d (t) fcU-7Bi*tfcffitf nmr (t) cD^%lt#T^i £ 
tr«fc5»M^^Dy^#-t©»^ffi«|«l*A^ (t) 3?$frfi-fz (t) 

©SfcScS&x (t) 0#Hf n^na^Cfe-* fcfcifiV^'f ^ y? G&&-t?o*ax 
-fRBfrtfirtU^tA <* (t) 4-9->7'J V^U ^D^n^ • >^*nT 
ofe^SBTOJfit, T^t)t>^^ 5 i?v 9 A 0 [n] (= A <t> (nT 0 )) 

fcitjrr*, z®£7izm&fGLmm^k<t> ct) ^tN^/-y^A 

T. J. Yamaguchi, M. Soma, M. Ishida, T. Watanabe, and T.Ohmi, "Extraction of 
Peak-to-Peak and RMS Sinusoidal Jitter Using an Analytic Signal Method," 
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mm z\--l\ %mmu 



Proceedings of 18th IEEE VLSI Test Symposium, pp. 395-402, 2000. C IB IK 3 HI 

y * © V v 9 ilMtSM^I^^ff b TctkMTMmmm (ampl i tude 
modulation, AM) 0 & < C J: K <fc 0 , 9 4 - V v 9 & Wfll&Cfe 

3ffffJg-t£frt>V^c^i%M (instantaneous phase) j&fefe 
afflSifny^fll^x (t) OJSWM (analytic signal) z (t) tt, 

z(t)-x(t) + jx(t) (30) 

j 1gtffl-tz (t) (imaginary part) x(t) 

(real part) x (t) CDH i 1 b e r tli (Hiibert tra 
n s f o r m) T?&3 0 
-15, ^H«x (t) OHi lbert^ft &55-ejg*3ft5. 



x(t) = H[x(t)J = -lf^dT (31) 

71 J -° t-Z 



x(t)BI5ftx (t) i: (l/^f) ©**&*-e&£ B Tfcfrfc* H 

i 1 b e r t£i*WU x (t) ££«aii7 y ^9 *WM£&tzt2(Ditij3£ 

ff*f«**5J:t;H i lbert|Pif;o^Tii, A.Papoulis.Proba 
bility, Random Variables, and Stochastic Processes, 2nd edition, McGrav-Hi 11 
Book Company, 1984. HIBIRSHTVN So 

^tj^^n^^^-tx (t) ©^b#m«0 ct) mmm^z <t) * 

'x(t)" 



(j>(t) = tan~ 



(32) 



x(t). 

o^C, Hi 1 b e r t gfc*fc*^t»l*ftffi*jftje'tS7;i':/ 'JXACo 
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2« 



x(t) = Acos — t+<|> 0 -A<j>(t) 



(33) 



CHi lbertS^IILTlllfz (t) 0«CW^f^ 



2ie 



x(t) = H[x(t)J = Asin — t+<j> 0 -A4>(t) 



(34) 



z(t) = x(t) + jx(t) = Acos ~ t + <}> 0 - A(j> (t) 



f 9 _ <\ 

+ jAsin ^-t + <t. 0 -AKt) 



(35) 



^•5fc*7?*>5o ogc, fcfc&e>;h.;fcJ»*Tft-*z (t) d»5>* (3 2) % *> 

^•ttitfiw»<* (t) %fltj£-r*« 



<j)(t)= 



mod27i 



[rad] 



(36) 



Z13T% 0 (t) «, - + n CD®B©fi*S©±ffi (principal value) % 
&fcfflK$ttf> (t) *7>?yyt5 (unwrapping) (ffcfc>t>, £iS<£ (t) H 
(t) i:#"C£*o 



♦(t) = ^t + d> 0 -A4>(t) 



[rad] 



(37) 



ffiffiy^^y/SK^V^B, Donald G. Chi Iders, David P. Skinner and Robert 
C.Kemerait, "The Cephstmm : A Guide to Processing," Proceedings of IEEE, 
vol. 65, pp. 1428-1442, 1977. CffifcSftTV^ 
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»aS£* n y & *4FrM^©X&«, K3K7 - V (Fast Fourier 

Transformation) l£Z<Dnwmi&to*®R&&mnG^<D&&&%it>^t:7 t ? 

iscac, hi i c^rnfefbsnfcttsije^n y ^ttx ct) cfft% 

=§r^.§ 0 *.£ft£M$U^ h ^X (f) %mi 2 AlzmTo ofi:gl2BC 
^-T^-5C^-?^ h;ux (f) ©iE©^»^^K33lt§S*^M^:#i20x- 
^©^?rlLtS 9 CDr — ? % if n £ L , 3£>C> EoflSftiS^S 2 its. 

*#jRL«¥*fflr#z (f) fcgft-f arfccarj&i-ao ftfcfcfc#iwiK*:*e>ft 
fcflr-^z (f ) izmFFTZMmtzztizzy^MmmiEiztzmffim^z (t) 

FFTfcifcV^jB^fc^CDgiftC-^Ttt, J.S.Bendat and 

A. G.Piersol, Random Data : Analysis and Measurement Procedure, 2nd edition, 
John Wi ley & Sons, Inc. , 1986. CiE3K£ftTV^ 0 

«l^^ny^fl--»(5JSP*T«*©*ft»x (t) OMI10 0%^JK ft/h 

ffi-rs, x (t) <D&m')'&5vyfjvfat5o%i'*<frv m t<D& (x u- 
i) -v 5H ), (x (j) -v m ) zzizznzcDm u a-i) - 

V E0 «) x (x (j) -V m ) Irtrtt-fSo x (t) *S5 0%b^;W o£9-tfa 
• dft5>-9-y7/HB (x ( j - l ) -v 5M ), (x 

(j) -V 50X ) ©ft^tfftfrfcjE, Sfcl*IEfr5>Afcfc*fr5», 
ofchtte. x (t) A*-t?n^D^- *<db$M\z 
tetfzvyfjvm (x (j-l) -Vso,), (x (j) -v Stt ) 03lfesa-«©/h$v> 
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Vi U 1) fi"£®«*J£ft& (multiply by a constant) U 2) fc&frC.fcfc 
&fcL^(thresiiold)igTh 1 <fc OifcS^MteW: Lt^fiTh 1 tgtii, 
3) *»5>^C«>«feftfcL*V^Th2«t*)/jNSV>«-9«ttL*V'>fiTh2 k*t 
»jt*ri:CJ:5*:ftfens e i;t% Ll^fTh 1 titt^titTh 2 i «9 

H5Att»il^^n^ftx 3 (t) CD*-f 5 >^ • ? A 4> 3 [n] O— 
B5Btt»aS^ny^If Xi (t) CD^^>^'^^A^ k [n] 0— 
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0 1 2 ABFFTCi O^&nfcftSUSe^n y ^^©M^ 1 ?- 

©— «i%55 , tia'e*5o 

n y ^0-e&a o 

0 1 4 \ZZ.(0$&WO? n y * • **»-ill£:£ife©2SJSfll : £:^'f7 n--? 1 *- 
0 1 5»01 3^0*51^°^ • X^ra-i^l 0 2© ! ft#fll©«tifi* 
El 1 6 Bg 1 4^©7f>^2 0 2<£>3|£&^ n y ^ • X * a -Jt^T. r y 7 
0 1 7»^©^WO^ny ^ • **a-ffl£gg©te©£JS0J©»IBfilJ&*^ 

f^n y ^H7?2feS, 

H l 9 n y ^ • ^a-aiJS&ft'Cti-bv^ft* ?4 5 >^ • 

5^ y ^ ift «i» © »H* * ^ T n v ^ H "C $> 5 o 

J 

£©*tB«J5fc©»J©--W*iF*r7n y *En?&S 0 

H 2 2 tid©^©* n * * • a 5ft* 
»'©«|gflfJ6!c©a5)K:5iJ©— y *g|T?2fcS 0 

0 2 4»£©$£W£*©te©£S0J©— fl5£a*1"^ D y ?m-z&z>o 

^0-e^So 
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x k (t) 0*4" $?y*5ft?llAtf 3 Cn] , A k [n] £ * 5 

y^-S?v*3£5g»l Ola, lOlbfc, n -y ^ffOll^ a y * • 

&?ijAtf j cn] , a^ 15 [n] &A#fcu *fte>©?-f s^s^flifctf-Bu 

7^a-^t»5^n^-7^ra-^l 0 4 , C «k -3 t *tf 5 HT ^ S 0 

Cn] ®**<ifc*/hffifc©a6**a**--*' ■ y * • tf-*fcffi»l 0 5t, 
• ^^^-^©ffPailliiLT, RMSilSrff-IITSRMS^ffi 

fcitfl 0 1 b», *4 5 $?v*3R?UAtf 1 Cn] , A 4> k Cn] OBfrC, 
SSHI^ny^f^Xi (t), x k (t) (DftMSLftfttio*' <t>o**&%-^> * 

> 

Ola, 1 0 1 boy^^mmz-o^Ximx^^o 

ny^Mxj (t). x k (t) M©*ny* • a^-tH^fc-ft^W^® 

I^ItwlT^*. tt ^^V^ - 5>v 0 1 afc^tf 1 0 

IbCiO, Xry 7 8 201 CfcVT, tlS^o^ffXj (t). x k (t) 
(DWMtiLffift&o' 1 . <j> 0 W J $ y -? • i? v ? & <f> 3 Cn] , Atf ' fi Cn] % 
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V u y pm^ffio)? n y * • ^^r^-©S|^^^r Ske? i - Jt So o^C, 

*ny* • **a-«Jg»l 0 3fcJ:9, ^^203C^t, _L1E*^ 5 

. s>y ***|A* J [nl,A^[n] ^n^ - 
r Sk J- k ;6^ tl^D^Stx, (t). x k (t) M©*ny* • 
&?UT Skef j ' k [n] ZmfetZo ft»C *ay* • 2*a-fcHJ*l 0 4#, * 
ry7204£&V^ iiet^snfc^^' X*^-^JT ske / k ^£»J 
^n^ffxi (t). x k (t) WlO^ny * • &® 

2 0 2C&V>T, *m&9*v9 • 0 21^ (16) * *> "fe^ 

ry72 0 2CfcV>-£, «^n^ • **a-Jf£3ll 0 2ft, 

(1 6) ©Hfetttffcfcfcfc"^*^. WJ^a^CTO^a? 
^ . ^^-^£#£^£±15*^^2 0 3C*5V>t:, * n y * ♦ X**- 

0 3li^ (6) %tW*iB)I^DyfftI8lo^ n f^ " 
'^JT Sk8 / k Cn] H^a^m©^^ ■ 

^f^E 0 4C^t, • y * • fcf-*ftffl»l 0 5ttS (2 3) * 

k^T^Oy ? • X^a-O^-^ • 7 9 ' ? fit* <b 1 RMS^ffiff 
1 0 6»£ (2 2) *t<b^t^ny^ • a - OR M S %> £. * *• 

^7AJ|^1 0 7»*0 y * • a + a-^Jfrbt* h ^7A?:t8i)5o &S 
Vtt, 5$ (6) ©*2a©*fr5>RMSffi*fc?-* • 7 * • 

J: $ fc, »J£* n y *«©*»»&** J: * -T 5 > ^ • S? * * 
%t%*TV ~?Z 0 1 ft> H2 0C33ST&a^JG'C*tJfe*.Tt>J:V^ » 
JBIS* a y ^fif-^H©^ n y ^ • ***-0*^$j£#&J£5S"f"*-fc£;*7 l v ^ 

0 13 Kjgstfc* a y ^ • **;»-8l5g$tBtt» n y ^ • a — O^gifll 
ja#©**«£r*«*i:LT£3Ers;:i:fc^#*o 3©#^»> *ay*- 

So RflUKl, 01 4C^n^ ' ^*3.-fflS^af». *ny * • 
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7 2 0 2»*»fr-rSo 
01 3^(01^0^ • **3.-B££3£l 0 2 n y *fc-£©$0 

El 1 5K^fflfJ^"7<>fll^W^ny ^ • ^^r^.-it^^^^m"etSo iP*>-© 
Sl^lfr^ a y ? • JftJSSl 0 2», W6&%9 D y ^f^x , (t), x * 

( t) ©SJJHffifflfctf 0 j . flio^^^^^'^^^^ 1 [n] , A <£ k [n] 
^ A^J Sn> n & ? 4 3 V ^ • y * A 1 Cn] . A <£ k C n ] bftiffl 
y f^^mottJ&tZfv y ? • *y h n offset &Jt£t* 5 

t7ty bft5£2t3 0 1 t> ±EIOS9feffi^^o j . * o k £±I£* 7 -fe y Mfc£» 

3 0 1 Tmm Zntzfuy? .ir^t7^^n offset h , n y * 
IfHC^n^ • x*i-©^lftj£#r s J- k %ff-3lt-3, 1^°^ • 

^©^Ifl^fto #7-tey h3tjeil3 0 1 fc«fc 9, 7fy^40 

1 tr A* 2ft£MJ5£^ ay* M© * -f 5 V ^ • 5? y * * JO A <b j En ] , 

A <£ k Cn] 36>e>, rnB^'f^^'f v **7UM©f8IWtf!&*fc ^ i^t < 

&5t7ty V- (4***1 t86, ^JfS-TS ^ n y 9 • Xy 2? M © * 7 -fe -v h n offset 

4 0 2££>V^T, A#£ftfcOTfcffi£<£ 0 j > <* 0 k £* n ** • xy S?©*7"fe 
y hn offMt *S>* tl^^D^i-tXi (t), x, (t) HO?n^ • 

a -©&£»## r aet j - k &sf3?u aa^T-rs, si^d „ ^«-tr^©^ 

ny* • x*^~©^£lft^#£I+gt£±fe*ry 7*4 0 2CfcV>T, «5Eft 
*ny ? • **a-ff-g*3 0 2&5S (2 1) t^V^TWJS^n^ff^ 
fl?n^ • **3.-©«Ij£e&J5*#&:fc«><& 8 HI 5 + }iiIt^tJ;^0l 

9 ?ffi93T3»l$fitfS*£WA j (t) ,A0 k (t) 5:t7t^ft^3 0 1 
HXjJ bT A 3 (t) £Atf k (t) ©SWfctfi < &S*7*y h 
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^£^1% dCD^n y * • **i-?IJg^E5 0 OU, tt^oy ^f^x , 
(t). x s (t). x k (t), x g (t) <J)9 4%ytf- ^y^^JA<z5 j [n] , 
Atf 5 [n],A<£ k Cn].Ac> 5 Cn] fc^ft^ftftSTT* * 4 S V 9* > V v 9 
St££l Ola, 10 1b. 101c, 101 d fc, n y , (t) 

tx ( t ) ©. Mi? d i^GD? >f S >^RjiE t ,,i , &<fctf x k ( t ) 

fcx, (t) ©li^n-^-xy^nc^-f 5 y^P^E^ fc^nWit^U 

aei g - j ^j:t;r sl!ef 8 - k ^^ti^nm^1-^«IS65^n>y^ • x * ^ - if £H 1 02 
a, 1 0 2 b fc, _hf5? 5 >^ • ^ A j [n] t A 8 CnL 

A $ * [n] £A<£ 8 [n] &*H^nA#£U &2oc/)A#CoVM:? 5 
>^M^J%U-#U • **A-#aiT aw fci Cn] *5 J: Cn] 

^^n^nffi^T-&^ a y ? • 03a, 1 0 3 b i:, ±U9 u 

y * • **o.-m?iJT sl!ei '- J Cn], T Skef s ' k Ln] *A££ U :H^n^. 

9nv9 - ini *wmr%> 

9uy? ■ * * * - 50U, :<D^D^'^a 5 0 1 t? i 

**a-«*:£«>*?ny* • 7 + 04fc> CJ:oT*j£3*l'CV* 

^^5V^. ^^1^1 OlafcitflOlbCiO, 7f ^6 0 1i:^3 
V^, O y i'ffx j (t) fccfctfXg (t) ©fcJJBtitfBfttf o 1 . <^o 8 

A $ > ^ • 5?y 9%n A 0 J ' [n] , A 0 8 Cn] £ 0 
AS* ay* • **3.-flfc3£*l 02aEJ: i 5, Xf^6 0 2C&^T, ^PJ^ 
* n y tm^VtymUfflHtio', 0 o s ©^^tt#L, MJ£? n y ?m^m<D9 
ny * • ^^a-^fllSte^ra^^jtJei-S. y 
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A j Cn3 , A 8 [n] fclE^ay * • 3. * a -<Z>S|£ftJ$# r SkM gJ 
»a^Dy^ffB<5^n^ • jX^-^JTa,,^ [n] %&%.t%o 

o^c, 5 >^ • S?v^«5e»l 0 1 cfeAl/l 0 1 dKi*), 7>?V? 
6 0 4C*V^, W^n^|fx 6 (t) &J:tfx g (t) ©Mfeffl^l 
0 k , <* 0 «fc*-f § • **aiA k Cn] , A 8 [n] SrSSTTSo 

So o^C, *ny* • 03bCj:0, 7f^6 0 6C^ 

xf v 7 6 0 41? A e>ftfc? -f 5 • ^ <£ k Cn] , A <t> s [n] 

i:^fy^6 0 5 -nXbtltzfu v 9 • **a-©^ift^r Ske , g - k fre>, $$y 
a y ^fl-tHO^n y ? • **»-#?lJT StoI ' 1 * [n] fctt^TSo o£C» 

*ny ^ • **a.-Jli£S5 0 10:13, 7f V/6 07C^T, -hlE^fy 

76 0 3X156 0 ef^nfn^&nfc^ay^ • **^-^?UT Sk „ B - j Cn] . 

T ^Cn] fr?>, SK^^ffXi (t) feJ:C/x k (t)H^o^. 

**a-^jT Ske¥ j - k Cn] fcsjrrso *ac *ny^ • ***-*tii»i o 

4fr «t 0, Xf^60 8C^t, JiE^r ^8 0 7 Tit £ L fc ? n y * • 
^^a-^Ta^Cn] *5>JhfB»«!5£*ny *flr*Xj ( t ) £t/x k ( t ) 

(t) &£l?X k (t) fBlO^ny^ • 7^a-^J§fltt5±EXf^6 

0 7H*5^T, ?w * ' Z*3--$LM&5 0 1 (2 8) fcfc"&V^ttS« 
* o y^iflBlC^D y * • X*a-#?U%#8i>5o 1 ~ 6 0 3 t 

7f^604~6 0 6 tOJi^Aft^Tk^V^ flfSMtOfcfc, El 1 4 fc* 

© mnmt 5 u # © m m » t * » 

^©*%ISt^if :©|^i?n^ • **^-cd 

te£ttJ&££**<&«l5£&&*°y* • **:x 1 02a*><fctfl 02bi 



19/82 'd 



-26- 

1IW 61 B6lft*lOQ2 



7602&J:tf6 0 5£*lirf 5 0 
H 1 S^Cli-e^t^^t^-f 5 vtf'Vv 9ftfe&\ 0 1 a, 1 0 1 b©- 
m 1 3T?tt?63£»l 0 1 btlSSJlfc^'f 5 >^ • *#7UA k En] 
%Eilfcifc3ite»7 0 1 ZtzhpL&M- 1 tT- LTMJS* n -^ffx k 
(t) &M&K:3ifl£Lfci:*©*-f 5 y? • i?v ?%n*b£®Z?uy ? • ^ 

%#MLTM Lfe^n y x A C&\>T\ Hi 1 3*0^a^fif 

x k (t) &S9^©^*r^n^^CLK G CftJ&U ^^f^Xj 
(t) }^n^«fCLK G (x k (O) *M£fl»8cftLfct>0T!2feD, d 
©W^n^ffCLK G (x k (t)) ^n?mx, (t) 
n** • **^-r SkM G - 3 Cn] (2 4) K«fc d *. 

o i -e^^ 5 y<? • *Jv fca&teft, a»*estJ:^c^f f 

^80 *>f S>y*lf3£»l 0 1 bT?Jt££n 

ftftMf&Cfiftbfci:£©*>f 3 • 9%n*h£$>TZT y 72 0 21: 

0 2»5S (2 5) *fc"feV>*E|MllJ£*ny ^f^HO^Dy ? • X*^-©5t£ 
T3±K;*r y 72 0 3 Cfc^T* *a y * • * * a -ft^fi 1 0 3 8:5$ (2 4) 

*%8t3£T LT^f *ny* ■ **a-©*5£&9j£#*:ft 

ftS««^n^ • 0 2tt*«fr*f:h.tf *©*§£©:? ° 

y^ • 7.*^-mfeum$. w^^ny tm^vtymunftfrbvvv ? • * 
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mi 9», i0iso^D^ ♦ x^-ii^S"^-^^^^ 5 yf 

Vv ?*££*1 Ola, 101b. 101c, 101 d Ofllfifc©— 0J*a* LT1^£ 0 
§y?'Vy ^3t3£»9 0 Ott^itf T. J.Yamaguchi.M.Soma.M. Ishida. 
T. latanabe. and T.Ohmi, "Extraction of Peak-to-Peak and RMS Sinusoidal Ji 
tter Using an Analytic Signal Method," Proceedings of 18th IEEE VLSI Tes 
t Symposium, pp. 395-402, 2000. C^SJ-U n y *£#fcftJ£flJR$nfc 

a*ft©*«fMCSE»1-53B«T#«ift»9 0 1 i:, **f#^««»9 O IT 

§§9 0 2-cmje£ftfc±e»n*ffi«#»& v -7iM%^*fc^ftffiit 

£;t£U^r&*il&*il9 0 3i:, Mff»9 0 lfr&fPflrfc^©^ 
y-f') y#Afr7>*ft&.?Z J dv9 n7tffig9 0 4t, U -7ffiffl§fc*»9 0 

^Pi^lliM^ifn^n^ • If 9 0 5 t, Ci^TiJftSixt^** # 

z(d?j $ y-f • s?y ^jijs*9 o ocfcw-afta^ni&e^ o£#mlti& 

^TSo JS¥#ff§-t»^l£9 OlCiD, ^fy7100 1 fcfcV^T, A#3ft 
f5 0 TOfil«£il9 0 2C<fc 9> X7?71 002 C&V^T, ±fH«¥«r£-§- 
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V-7ftffiGfc*»9 0 3C<£<9, * r v 7 1 0 0 4 EfcV^T, _kffiR#fitffiA»e> 
±EU-7««&*IS:SSi*LT»^fiffi*i#A * j (t)£&£1-£o Z.fltm#K. 
■fe'n^n^^m^l9 0 4C±97f 5-71 0 0 5EfcV^„ Lfc&fiU* 

Jfi^^W 5 >^ (Mt'n^a^^) %^aj-TSo fti:> ifn^n* ♦ +h>7 
**5R70Atf J Cn] £jft£LT*l3S**n'T*. ' 

sai gciti^c, ffttl»7^^ 1101 ci^i^^a^^tf^ 

Hilbert 1 1 0 2 EAA t "C 3 ©flT-t % Hilbert til, ftiSjSjS? * ;W 

* 1 1 0 1 J:9©ffia#^fc*ffi«^®*««fcU Hilbert 10 2® 

W^»4ff«©^*ai5i:LTtH*-r*, flftt»»7-r HOlli, 7^a^ 

i^THgLT^V^ »*Stta7-f Jl^ 1 1 0 1 », »*©»»**£ 

> 

$J%g|2 1 £^T C JSIift»1B*£#l»l 3 0 1 IliOtSli^D^ifCix. 
SFFT («l7-'Ji|i) %JfiLT, B#IHJiR*0flr^%«««ClH«©Mflll^ 
•**h/HS# («jjtKBl 1) E£i*r*o fl?«SUPR#l 3 0 2 fcJ:9;:©aE& 

i^M, J3i£»*«©«*****Jf«f *o' B*W««£Jftl*l 3 0 3C«fc»K 
WfljPSStifctffJ:*^ MMt^KljKFFTfciSU JS»ft1H«©«-**B#IHl 
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n^M&SfctSAs^T^U 1 5 0 1 * * 7 7 * * 1 J 1 5 0 1 <fc 9 
0 2^ ^©m»3ffiSnfc#W^#^C«l»l«[**JH-*jRI8ft***l 503 

il 5 0 5i:, ±IE1**«IR*1 5 0 5®ffl#*l$H*tt©MC&3e**-aB* 

mi*e*si 5 o 6 ^©i$H«i«R:ag*snfcM-tK:±ias:Ma©aift* 

*CT?ff«fJIS$nfc«PWffii-9*it<&5ij8!H»*ilC*l 5 0 7 h, \z&-?xm& 
£HTV^ 0 Miifltl 5 0 4fcJ:imH1H*g&»l 5 0 6(i, ^ft 

^ft#J;U£FFTfcJ:a f &FFT£^1^T||gLT* J £W MftJft#k 

mm i 5 o 5 M■9•cDaa#«s:S*ngeH■^ts«k•5n*J«tTt»«^:l^, 

^1601 £*3V^,M^Dy ^«t;^77^'J 15 0 1 C#»-rs. 
o^C, fcBLfll 5 0 2CJ:D7fy^l 6 0 2 Kfcl^T, Ay 7 r ^ 

^E'J 1 5 0 1 **e>*flfSH]fcfl|-^©— fiP^liOai-. fcH&3ftff*l 5 03Ci 

cigjft-rso ff««ii5aa»i 5 oshj:^ xf^i 6 osii^v^t, m& 
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1 50 7ft, Xf 7yi 6 0 8C^T, &XftSttfcB#H«tt<0«#E:*7 l y 
71 6 0 37?ft*Lfc*Hft©^ft**tlt,#*1WRSnfc#*fflr****6o 

flT^D ttiL» 1 5 0 2)1*, C&^T, Ay 7 r / ^ V 1 5 0 

^1 6 0 3, 1 6 04, 1 6 0 5, 1 6 0 6, 1 6 0 7, 1 6 0 8, 1 6 0 9% 

C fctf £ A 0 A ft # % # n £ g t ft * T h <£ V > 0 
mi 9 4"£^Lfc*>f 5>^y?SI*9 0 0*©'J-7ti:ffiBi*ai9 0 3 

^snxpBt&MWA^ (t) #EB#snao 

fcfeH19* H2K Rtfm2 2»B»aHWO0 0/4 6 6 0 6 (2 0 0 0 

Hll 3+C$ll^t-i:5C7^n^©|£$J^n y ?^^x 3 (t), x k Ct) 
/AD»170 1a, 1 7 0 1 b C cfc 9 ttfSrtfc (f^^Mb) tri?^HI 
filfi^^y^^y^I^HlOla, 1 0 1 b^A^LT*, 
1 3tClltft^CSI? 'jy/U90 1a, 19 0 1 bittttT, A# 

fl-txj (t), x k (t) ^©s^y ^js^"Tj*afe*ianjSt^%«SFLfcttii 

tAM^%^UAD»l 7 0 1a, 1701 bXtt*>f 5 >^ • ^ 
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?JiS£3!10 1a, 1 0 1 b^m&LXb £\\ U 1 9 0 1 a, 19 

0 1 bBADWl 701a, 1701 b ©ffiM Ct£tt T & £1^ 

TOItA^ (t) <5fiM^^iItM^2 1 0 1 t: i^i 

±£?fcmi$ftffi«I*A<* (t) iaifn^n^^^y^'Jv^LT^ 
-f $ y^y?£?!JAtf j [n] %#afrfc#, 'J-7«^9 0 3S|19 

CiAlttiK **V^*JiaMfc*Ba&»9 1 fcU - 7feffi*j£*9 2R^» 
9»9 3 t©WCS?IICffAtTt> J: V>« m&Oi-JK: tTl>«»9 3^6 
^^5y^y^^JA?i ! Cn] ##5>*LSo 

£ffll&*^9 0 3 C^Lfcfl&JfcCJ: Ofi^fcfc, *©&S3MBH:BI2 5C^t<fc 
H2 0+©^fyri 0 0 2"CW9ttffiS:*«)fc^ 7fy/1 0 0 3 a 

1 0 0 3 bt% U~7feffijt3t»9 2C«J:0, *KW$ti£*Bfr ?>, *0«B#yr: 
7ffiffl£Jfij£U 7.7- v -fl 0 0 4T*»9 3 J: 9 siiRifllSMafflfr 

*StMi^f?71 0 0 3 a-Cft6ftfcBi»BB#ft;te&, 7fj7"2 0 0 2C 
7fiffi5;ISltU^o flia(Di^UTy7l 0 0 4 T^BtfiJIHW £M 
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<fc?£«j^ny ^Mxj (t), x k (t) $ y 

U. 0 (n). t k Mro>0 (n) **ft*ft«*S83?;:n&tfn*n;**4$y^ 
t j 2ero . e (n). t k 2ero , c (n) ©^*6f S-tfn^nxll#a!lrt©B*HjS*?ll** 

-flr j - k shef i: LTh£\\ 

CflUST? S 5 J: "5 Ct S 3 £ l> 7! f 5» 

( = N (N-l) /2) frfc (N-l) lEl©2* + *;uPJB$ffl£^fl£fc-Ct3fc 

^SC<3:n«, fc i: i 7 /fit^ES ^ 5 ^ n y ;? |;f > y t'^^H D 

ffi-rfcfcC*/h0fcr>»Lfr&gi: L&WcSSk VLS I <DrZ HI%1»? 
15. 
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1. ItOWJ^^n^ *MW0*ny^ • x^ra- (clock skew) £$J£T 

5 >^ • &y (timing jitter estimator) £:> 

**i-f£5£il (clock skew estimator) ££A#T5 e 

2. * U-A 1 ©SUCfcVT* 

3. * P-A2fl)8IK^t, 

LX±U<7 u v 9 • ;* * * -ftjfcJS'stti^f (frequency 
multiplier) &1kts 0 

lt±SB^n y ^ - ^*i-aijeil^ffl^r*J««»a#» (frequency 
multiplier) %:iktSo 

5. * U-A 1 CD«*C*V>T, 

iff a y ^ • *=¥^— (deterministic clock skew estimator) 

*t*,lE^n^ ■^*a-»je»tt±|B^-r 5 >^SI3R?UC_hlB* n y * • 

6. if V — U 1 7}M5 ©Mn^oaeBCfeV^T, 

±12? Oy ^ • ^#a-^J0i&SA^Sn, ?ny^ . * * ^ h 
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(clock skew detector) &-£trc 
7. * 6 ©Sttcfcv^, 

&&T£f?#H3 4 HESI* (analytic signal transformer) ±fHJB*fflr-t©K 
B$ffcte%*fcSlfti$fi^jfc£S (instantaneous phase estimator) ±I5ESB# 
ffiffi*3Sitt*W^fiffiC^1"5igiSt{tffiieftS (continuous phase converter) 

(linear phase estimator) fc % ±Ejt«fe»l^ffiffid» e>±iElfB# V -Tffiffl* 
Bfc£ LT^BtfiLffiJIW (instantaneous phase noise) fc#5fc?JM$ (subtractor) 

9. ^ V — I* 8 ©St^C^T, 

y-7ftffiEfctt5&&ft«ft©3l£:*:aT*ny • 7>**-0m%&Sfcft* 

10. * U-A 8 ©SUSStRfc^T, 

±fE£?#r#-t^&SI», #«J5g* n v *fc*©»Jfi##%£JE-et S 4> ©"??*> 

S = 

11. n-i8(D8li:^t, 
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12. * U-A 1 75M5©fm**©Stec*3^T, 
WitZ&M? 'J (waveform clipper) &£tr, 

14. * U-A 1 3©^C*5VnT, 

15. s7 U-A 1 4 09#ftK::i3V^, 

jSMi^n (M+i) ji«»a»tfc^-f s >^ • ?&m*m 

16. * U-A 1 3 0#ifeC;feV^ 

JSIftJBIS^n (M+l) JS«*S«Lfc** 5 >^ • $>y **ai&i£ 

17. * I/- A 1 30^feC^V^T. 

? • **a-0«£tej£#£in#LT±fe*ny * • * * a * r y 

18. * U-A 1 27bM 1 7©faftfr©:&ifcC:fcV>T, 

-36- 
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- ii % * J* 3 X r y 7 £ -a-tfo 

19. ^l/-A18©5SC^t, 

±E* Uy? • X* XT V ~f\±* ±m?W? • 

2 0. ? W-A 1 3 7T?M 1 7 ©faHfrfiD^r&Cfc^T, 
ft^O^^CMTSXry 7i:, ±E#$Hrta»&±E#ai5E* n y ?M 

2 1. * o©#S£:fev>T, 

y "fit, ±Ett&©#*J£*n * -T^feffi©^^^©^^ * 

2 2. ^ 1 ®^8?C*5V^, 

-by hffWC^D^ • xy^©^7iry h 5 7, f- v ~f£ , ±12 
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2 3. * OCD3frftC*5V*-C, 

So 

2 5. * 1 3 1 7 0fi(ili»©JSK:^t, 

* £ 7(1 * jtJEf 5 * r y 7 £ # § * x y 7 % ^tr 0 
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mm 



lvli m&$mi 



»J5£?ny mxj(t), x k (t) <Z>*^ -f S y?' f Jv ?&?UAtf J [n3. 
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